Abstract -The objective of this work was to evaluate the growth and development of a glyphosateresistant population of Conyza bonariensis in different sowing dates (autumn, winter, and spring) and in two agricultural environments, based on days or thermal units. Five experiments were performed in two agricultural environments in Brazil: two in the municipality of Não-Me-Toque, in the state of Rio Grande do Sul -with sowings in July and September 2011; and three in the municipality of Santa Cruz das Palmeiras, in the state of São Paulo -with sowings in April, July, and September 2011. In each trial, ten evaluations of the phenological development and total dry mass of C. bonariensis were performed, fitting these variables to a unit of time in days or growing degree days. The phenological development of C. bonariensis had the best adjustment at the base temperature of 8.4
Introduction
Plants of the Conyza genus have been considered weeds in more than 40 crops (Lazaroto et al., 2008) , where they are popularly known as hairy fleabane or horseweed. These are highly prolific species, which can produce between 110 and 200 thousand viable seeds per plant (Lazaroto et al., 2008) . Conyza species grow in acidic, sandy soils and tolerate water stress. Seeds are easily dispersed by wind due to modifications in their achenes, called "papus", which measure at least twice the size of seeds (Dauer et al., 2006; Lazaroto et al., 2008) . One of these species, C. bonariensis, is native to South America, with few occurrences in Argentina, Brazil, Paraguay, and Uruguay.
In Brazil, Conyza plants are more frequently found in the Southern, Southeastern, and Midwestern regions (Santos et al., 2013) , where they have become one of the most important weeds, mostly due to their resistance to glyphosate (Moreira et al., 2007; Lamego & Vidal, 2008; Moreira et al., 2010b) and, in some regions, to their multiple resistance to herbicides that inhibit 5-enolpyruvylshikimate-3-phosphate synthase (EPSPs) and acetolactate synthase (ALS) (Santos et al., 2014) .
Devising strategies for managing C. bonariensis infestation in agriculture depends on the knowledge of its bioecological aspects, including growth analysis (VanGessel et al., 2009; Moreira et al., 2010a) . In addition, the prevention or management of herbicideresistant weed populations requires unusual strategies using alternative herbicides, as well as information on species ecology. However, this information is frequently scarce (Moreira et al., 2010a) and is usually limited to the emergence of resistant biotypes (Vargas et al., 2007; Vidal et al., 2007) or to competitive aspects (Shrestha et al., 2010; Galon et al., 2013; Silva et al., 2014b) .
Studies on the growth and development of weeds provide data on different phenological stages and growth patterns, enabling the analysis of the behavior of these plants compared with ecological factors over a growing season, as well as of their effects on the environment and especially on other plants (Marques et al., 2014; Silva et al., 2014a) . The different levels of plant development have been evaluated using numerical scales. Traditionally, days are adopted as the unit of time, but this variable is often subjected to environmental interference, which is also indirectly expressed on phenology (Machado et al., 2014; Marques et al., 2014) . Therefore, when there is no water stress, temperature has been regarded as the most important weather factor to predict physiological events (Gadioli et al., 2000; Lima et al., 2015) .
The growing degree days (GDD) method is based on the premise that a plant needs a certain amount of energy, represented by the number of heating degrees necessary to complete each phenological phase or even the total cycle. Moreover, there is a linear relationship between temperature increase and plant growth (Gadioli et al., 2000) . Therefore, mathematical models and simulation routines based on the concept of accumulated GDD may be used (Machado et al., 2014; Lima et al., 2015) . Even though this concept is not different for weeds, few studies have evaluated the development of these species based on GDD (Marques et al., 2014) .
The objective of this work was to evaluate the growth and development of a glyphosate-resistant population of C. bonariensis in different sowing dates (autumn, winter, and spring) and in two agricultural environments, based on days or thermal units.
Materials and Methods
Five independent trials were carried out in two agricultural environments, in order to evaluate the growth and development of a glyphosate-resistant biotype of C. bonariensis. In NMT, C. bonariensis was sown on July 4, 2011, during winter, and on September 15, 2011, just before the beginning of spring. In SCP, sowings occurred on: April 13, 2011, in autumn; July 4, 2011, in winter; and September 15, 2011 , just before the beginning of spring. For both agricultural environments, daily photoperiod was calculated mathematically using Cooper's formula (Cooper, 1969) , based on daily solar declination and on the latitude of the locations (Figure 1) .
In all the experiments, C. bonariensis seeds were sown directly in the experimental plots, consisting of 3.6-L pots filled with commercial substrate Bioplant Plus (Bioplanta Agrícola Ltda., Nova Ponte, MG, Brazil). Pots were irrigated twice a week with a nutrient solution containing, in ppm: 975 N, 29 P, 265 K, 105 S, 160 Ca, 25 Mg, 2.7 Fe, 0.4 Zn, 0.4 Mn, 0.3 B, 0.6 Cu, and 4 Na. Pots were kept outside the greenhouse, where supplementary irrigation was carried out daily to ensure an adequate water supply to the plants.
The experiments were conducted in a randomized block design with ten treatments and four replicates. During the experiments, ten evaluations of growth and development were performed, which started 20 days after sowing (DAS) and were spaced at 10 days, totaling a 110-day cycle. In the first growth assessment, at 20 DAS, the least developed plants were thinned out, keeping a final density of one plant per pot. In each assessment, data on the development stage and total dry matter of C. bonariensis were recorded.
For the phenological characterization of the plants, a qualitative assessment of their development was carried out, by adapting the Biologische Bundesanstalt, Bundessortenamt und Chemische Industrie (BBCH) numeric scale proposed by Hess et al. (1997) , which ranges between 0 and 100, in which, for dicotyledonous plants: 0-9 indicates germination/emergence; 10-19, leaf development; 20-29, formation of side shoots; 30-39, steam elongation; 40-49, vegetative propagation, if present; 50-59, emergence of inflorescence; 60-69, flowering; 70-79, fruit development; 80-89, fruit and seed ripening or maturity; and 90-100, senescence. The phenological stage was defined when a given development characteristic was found in 50% + 1 of the total remaining plants.
The phenology evaluated in the five experiments was used to estimate the base temperature (Tb) of C. bonariensis, according to the method adapted from Machado et al. (2014) . Tb is the minimum temperature for the growth of a certain species, below which growth ceases or is greatly reduced. Therefore, accumulated thermal units (GDD) were calculated for each place and date of sowing, using arbitrary values of Tb, namely: 5, 8, 10, and 12ºC, which were estimated based on mean values from the literature. All calculations of GDD were performed using the equation of Gilmore Junior & Rogers (1958) :
in which, Tmax is the daily maximum temperature; Tmin is the daily minimum temperature; and Tb is the base temperature, i.e., the temperature below which the growth rate is zero. Tmax and Tmin values were obtained from weather stations installed in the municipalities of NMT and SCP, and Tb was obtained mathematically.
The accumulated phenology of C. bonariensis was then fitted to GDD through the linear regression model: y = ax, according to Machado et al. (2014) , in which y is the estimate of the development of C. bonariensis according to the phenological scale (Hess et al., 1997 ); x are the accumulated heating units; and a is a parameter of the model.
After fitting the accumulated phenology to the linear model for the four arbitrary temperatures, the following dispersion parameters were calculated: coefficient of determination (R 2 ), mean squared residue (MS res ), and the F-test of the model. The relationship between arbitrary temperatures and dispersion parameters was fitted to quadratic equations in order to obtain the lowest point of variation, making the first derivative of the equation equal to zero. The mean of the minimum or maximum points of the regressions corresponded to the optimal Tb for the species.
After obtaining species Tb, the accumulated phenology was fitted again to GDD and to DAS. Furthermore, the individual developmental conditions were fitted to the same equation, i.e., y = ax. To compare the phenology of the species regardless of the experiments, the overlapping confidence interval was analyzed . In the event of an overlap, equations were considered as equal, whereas, in the absence of an overlap, they were considered different.
For evaluations of dry mass, experiments were assessed separately. For this purpose, four plots (replicates) were randomly sampled by the destructive sampling method. Plants were washed in running water to remove the remaining substrate from the roots; then, the material was dried at 70°C for 72 hours. After drying, total dry mass (grams per plant) was measured.
Total dry mass was subjected to the F-test on the analysis of variance, followed by the application of nonlinear logistic regression in order to model data to 
Results and Discussion
For both agricultural environments and the different sowing dates, the R 2 of the equations was greater than 85% and the best fit for the Tb values was found between 8 and 10°C (Figure 2 ). Considering the three measures of dispersion, second-degree regressions were calculated, whose minimum (MS res ) or maximum (R 2 and F) point defines the ideal Tb for the species. Therefore, for C. bonariensis, the mean of the Tb optimum values was 8.4°C (Table 1) .
Also working with C. bonariensis, Wu et al. (2007) found Tb of 4.2°C, whereas Navea (2013) observed Tb of 10.6°C. Using different methods, Steinmaus et al. (2000) obtained average Tb of 8.3 and 13.8ºC, respectively, for winter and summer annual weeds, among which C. canadensis was considered as a winter or a summer species, with Tb ranging from 11.1 to 14.1°C.
For other weed species, the Tb found was of: around 10°C for honeyweed (Leonurus sibiricus L.), by Silva et al. (2014a) ; 12°C for southern sandbur (Cenchrus echinatus L.), by Machado et al. (2014) ; 12ºC for purple nutsedge (Cyperus rotundus L.), by Lima et al. (2015) ; and 10 or 15°C for sourgrass [Digitaria insularis (L.) Mez ex Ekman], by Marques et al. (2014) . In this context, in general, species with better adaptation to cold climate, with C3 photosynthetic cycle and smaller size, have Tb below 10°C. Moreover, the Tb of tropical species with C4 photosynthetic cycle, particularly of plants of the Poaceae family, is higher than 10°C and ranges up to 15°C. Therefore, for Brazilian tropical conditions, for the distribution and occurrence of C. bonariensis, and for the characterization of the species as an annual one (Lazaroto et al., 2008) with C3 photosynthetic cycle, Tb = 8.4°C is considered as an adequate parameter, which was used for the remaining analyses in the present study.
Comparatively, using Tb = 8.4ºC for C bonariensis was much more efficient in standardizing species development than days as the unit of time (Figure 3) . Considering the axis DAS, a greater dispersion of points was evident, with R 2 of 0.70. The use of thermal units promoted greater grouping of phenology points, especially at the initial period of species development, up to 900 GDD, when management measures are recommended.
Besides being more efficient than days for the prediction of C. bonariensis development, thermal units also allowed differentiating between agricultural environments and sowing dates (Table 2) . In this analysis, the higher the value of parameter a of the model (y = ax), the faster plant development is in a given condition. The obtained results showed that the speed development of C. bonariensis was: faster, for sowing in September, in spring, in the municipality of NMT (a = 0.0538), with no difference for the municipality of SCP in the same month (a = 0.0484); intermediary, for sowing in July, in winter, in NMT (a = 0.0426), and in April, in autumn (a = 0.0436), in SCP; and slower, for sowing in July, in winter, in SCP (a = 0.0307). ), F-test applied to the model (y = ax), and confidence interval of parameter a relative to the fits of the phenological development of Conyza bonariensis to accumulated thermal units (Tb = 8.4 ºC), considering different agricultural environments and sowing dates (months). (2) P min and P max , minimum or maximum point of the curve. **Significant by the F-test, at 1% probability. However, in all regions, the development of the species was considered slow (Figure 4) , with significant environmental effect on flowering, possibly due to the photoperiod. No flowering was observed with sowing in a decreasing photoperiod, in April, in SCP, or in an increasing photoperiod, in July, in NMT; however, flowering occurred in the last sampling in SCP. It should be noted that, when sowing was performed just before the beginning of spring, in September, with higher temperature and increased photoperiod, flowering of the species was quick in both locations, with approximately 1,200 GDD.
These results are in agreement with those of Vargas et al. (2007) and Lazaroto et al. (2008) , who found that, although this species may emerge throughout the year, its peak occurs during spring and its cycle ends in the summer; therefore, it can be characterized as a winter and summer plant. This shows that there is a clear effect of photoperiod on species flowering. Floral induction was much more severe when sowings were carried out in spring -with rapid plant development and the emergence of buds and flowers (Figure 4) and was also clearly more intense with an increasing photoperiod, equal to or above 12 hours of sunlight (Figure 1 ). In this environment, which is typical of spring, the development of the species was intense, with a high value for parameter a of the line (Table 2) and with early flowering. Tb, base temperature. **Significant by the F-test, at 1% probability. Agricultural environments and sowing dates also affected species growth (mass accumulation), considering days or GDD as the unit of time (Table 3) . Noticeably, the largest species mass accumulation occurred for sowing in April, in SCP, with total dry mass above 35 g per plant ( Figure 5 ). There is a clear behavioral pattern for the species: the earlier the induction of flowering, the lower is the total mass accumulation (Figures 4 and 5) . Moreira et al. (2010a) observed that maximum total dry matter did not reach 6 g per plant with sowing in January, which may have caused early floral induction due to days with long insolation. Marques et al. (2014) recognized that, in biological terms, growth is different from development. While growth may be understood as an irreversible increase in mass and volume, development refers to alternating successive physiological stages, which are expressed in plant phenology. There is, therefore, a physiological binomial growth-development, and, in the case of C. bonariensis, investing in a process can delay the other one, and vice versa. In a cold environment with decreasing photoperiod (winter), the species can accumulate mass, but develops slowly. In addition, when increased temperature and photoperiod (spring) take place, mass accumulation is lower, but induction of flowering is evident (Figures 1, 4 , and 5). These considerations have a valuable practical application because, through mathematical models, it is possible to estimate the duration of the initial developmental stages of the species, when it is more sensitive to chemical control.
Conclusions
1. The best adjustment for Conyza bonariensis phenological development is reached at the base temperature of 8.4
o C. 2. The phenological development of the species C. bonariensis is affected by sowing date and agricultural environments.
3. In cold environments, in autumn, with a decreasing photoperiod, C. bonariensis is still able to accumulate dry mass, but without floral induction.
4. In spring conditions and with increasing photoperiod, dry mass accumulation of C. bonariensis is lower, although phenological development is faster, with significant floral induction.
